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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol .
Unit . Symbol Unit Symbol
— e
i
Length___ __ l meter. ... ... _______._ ‘ m foot (ormile) . ___ ____ ft. (or mi.)
Time_______ ¢ second. __.__._._..______._ : sec second (or hour)_..___ .| sec. {or hr.)
Force___.._ F weight of one kilogram_____ kg weight of one pound lb.
T T |
Power._____ P kg/mfsee__ _______________|.________. horsepower___________ HP.
km/hr . __ mi.jhr .. M. P. H.
Speed_ -l {m,'sec ______________________________ ft.fsec _______________ f. p. 8.
2. GENERAL SYMBOLS, ETC,
W, Weight, =mg mk?, Moment of inertia (indicate axis of the

g, Standard acceleration of gravity =9.80665

radius of gyration, &, by proper sub-

m/sec.?=232.1740 ft./sec.? seript).
m. Mass =_1i7 S, Area.
! g S., Wing area, ete.
p, Density (mass per unit volume). ¢,  Gap.
Standard density of dry air, 0.12497 (kg-m™ 8, Span,
sec.?) at 15° C and 760 mm ==0.002378 (Ib.- ¢,  Chord length.
ft.~* sec.?). b/c, Aspect ratio.
Specific weight of  ‘“standard” air, 1.2255 f,  Distance from ¢. ¢. to elevator hinge.
kg/m®*=0.07651 1b./ft.? g,  Coeflicient of viscosity.

3. AERODYNAMICAL SYMBOLS

V, True air speed.

¢, Dynamic (or impact) pressure——-—f; p?

Y

Dihedral angle.

T/_’l' Reynolds Nuinber, where [ is a linear

x  dimension.
. ‘ . _L e. g., for a model airfoil 3 in. chord, 100
L, Lift, absolute coefficient OL_qS mi./hr. normal pressure, 0° C: 255,000
. D and at 15° C., 230,000;
hsolut, =— Y )
D, Drag, absolute coefficient Cy 8 or for a model of 10 em chord 40 m/sec,
O, Cross-wind force, absolute coeflicient corresponding numbers are 299,000
C =(’ and 270,000,
g8 Cp,  Center of pressure coefficient (ratio of
R, Resultant force. (Note that thesc coefli- distance of C. P..from leading edge to
cients are twice as large as the old co- chord length). v
efficients Le, Dg.) 8, Angle of stabilizer setting with reference
1, Angle of setting of wings (relative to thrust to lower wing, = (4, —1y,).
line). «, Angle of attack.
%, Angle of stabilizer setting with reference to ¢,  Angle of downwash.

to thrust line.
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THE AIR FORCES ON A SYSTEMATIC SERIES OF BIPLANE AND
TRIPLANE CELLULE MODELS

By Max M. Munxk

SUMMARY

The air forces on the largest systematic series of biplane and triplane cellule models ever pub-
lished , measured in the atmospheric density tunnel of the Langley Memorial Aeronautical Laboratory,
are the subject of this report.  The lests consist in the determination of the Uift, drag, and moment
of each individual airfoil in each cellule, mostly with the same wing section.

The magnitude of the gap and of the stagyer is systematicalllyy varied; not, however, the decalage,
which ©s zero throughout the tests.  Certain cheek tests with a second wing section make the tests
more complete, and the conclusions more convincing.

The results give evidence that the present Arny and Nawvy specifications for the relative lifts of
biplanes are good. -They furnish material for wmprocing such specifications for the relative lifts of
triplares. A lurger number of fuctors can now be preseribed to tuke care of different cases.

INTRODUCTION

The investigation reported here grew out of the needs of the practice. The Burecau of
Aeronauties, United States Navy Department, wanted fuller information on the share of each
individual wing of a biplane and triplane cellule in the creation of the lift of the entire cellule.
Not only the desired lifts but also the drag and moment of all individual wings were determined,
since this could be done conveniently at the same time.

It was realized from the beginning that decalage, i. e., a difference between the angle of
attack of the individual airfoils of a cellule has a major influence on the relative lift contribution
of each airfoil. (Reference 1), However, the cellules anticipated for use in practice are without
decalage, und it is this specialization which made the following investigation practical. Other-
wise, the number of the variations would become too large, and the material presented would
become too voluminous.

The method used is not novel, but is well known to most of the readers. The airfoil model,
geometrically similar to an airplane airfoil, but having a rectangular plan form, is fastened to
a system of balances, and is then exposed to the constant air flow of the wind tunnel. Addi-
tional airfoils are placed in the neighborhood of the airfoil undergoing the tests, so as to form
the desired cellule tocether with this latter airfoil. These additional airfoils, however, are not
in mechanical connection with the balances. The airfoil under test, by varying the position
of the additional airfoil or airfoils, is thus made to play the part of any airfoil of any cellule of
the series. In each case the angle of attack of the whole set of airfoils is changed by steps.
The air velocity is kept constant for all tests.

The details of this interesting and important research will be found in the body of this re-
port. The results are laid down in numerical tables, and are illustrated by diagrams attached
to this report. They are further discussed to lead the reader’s attention to the main features
brought out. ’

This has, however, been restricted to the discussion of the relative lifts, i. e., of the ratio of
the lift of cach airfoil to the lift of the entire cellule. It is true that this report contains plenty of
material suitable for elucidating other wing problems. However, the discussion of such more
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general questions should be extended to all material available; it should not be restricted to the
following tests alone. Further, the question of the tunnel wall interference has not been entirely
settled as this paper is closed.  An investigation of this question of the wall influence is just
under way at the Langley Memorial Acronautical Laboratory, and the use of the material of
this report on general questions referring to the wing drag is better delayed until this investi-
gation is finished. All data given in this report are computed directly from the observations
without any correction for wall effect. It is realized that there probably is a wall effect, but
only a small one.
TESTS

The atmospheric density tunnel in which the tests were made, the auxiliary apparatus and
the wire balance used for the tests, are deseribed in detail in Reference 2.

The set-up was composed of rectangular airfoils measuring 4 by 24 in. (101.6 by 609.6
mm.) in plan. R. A. F. 15 wings were furnished by the Navy. They were made of bronze.
Meassured at two stations along the span, their ordinates showed a maximum departure of
0.003 in, (0.076 mm.) from the speetfied ones. UL S, AL T 8. 5 airfoils were constructed in
the N. A. (. A. shops out of laminated maple and were exact up to 0.004 in. (0.102 mm).
None of the airfoils had any measurable warp or twist. The specified ordinates for both pro-

files are given in Table 1.

Litt wires.__ Front inft wires ____

N

P

~
«—J0 counter-weight Frg. !

Orog yoke

Diagram showing arrangement and methaod of supporting wing model

The lift, drag, and pitching moment of each airfoil were measured. The air speed was
98.4 ft./sec. (30 m/sec.) throughout all tests, which corresponds to a dynamic pressure of 11.5
Ib./sq. ft. (56.1 kg/m?). It gives approximately the Reynolds Number, 206,000, with the
chord as characteristic length.

The angle of attack was measured in the usual way. The absence of decalage was made
certain by successively hanging an inclinometer on the wings after the wind tunnel flow was
started and by adjusting the angle of attack of the fixed wing according to the readings of this
inclinometer.

Supplemental tests were made to determine the wire drag and to obtain information about
the interference of the side plates. This interference was found to be reasonably small.

All readings were made with the usual precision. The lift balance was read to 1 0.005
kg (0.011 Ib.) exactness and could be consistently checked within an interval of that magnitude.
Drags were read to 0.0001 kg (0.0002 1b.) and repeated observations disagreed by less than
+0.0003 kg (+£0.0007 Ib.) at minimum drag. Moments measured as forces at the end of a
30.48 em (12 in.) arm were read exact to 0.001 kg (0.002 1b.); they could be checked within
+0.002 kg (£0.004 1b.) interval.

The angles of attack which appear in the data have not been corrected for clastic deflec-
tions.  Such deflections gave rise to errors of the angle of attack up to as much as one-third
degree. However, this occurred only in the neighborhood of the maximum lift, where the curve
of lift coefficient versus angle of attack’is relatively flat.  The average error is much smaller
and mostly less than 0.1°.

One single airfoil and the following 29 cellules were tested, all composed of rectangular
airfoils with the aspect ratio 6.
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Monoplane with R. AL F. 15 section Biplanes with R. AL F. 15 section
Stageer Gaplehord
--30° 0.6,0.9 1.2
0 0.6,0.8 1.0,1.2
F15° 0.6,0.9,1.2
3° 6,09 1.2
Biplanes with U 80 AT 805 seetion Triplanes with R. A1 15 section
Sagger Crapichord Slaguer Gap/chord
302 0 9 30° 0.6,0.9, 1.2
e 0.9 ' 0 06,08 1.0, L2
a0 00 3 FISY 006,000, 1.2

I 30° 06,09 12

Lift, drag, and moment coeflicients were calealated in the usual manner:

. L . D .M
( L= ql\y ( “”Q‘\‘ ( ar ;Q('S
wherein:
L =1ift.

- Drag.

M Pitehing moment.
M - Diving moment.

g Dynamic pressure.
N Wing area.

¢ Wing chord.

Moment coeflicients refer to the leading edges of the individual wings.  They are counted nega-
tive when they are diving moments in necordance with the standards laid down in Refer-
ence 6. Within the investizated range of the angle of attack the pitching moment is generally
negative.  As most readers are aceustomed fo have

positive valuex plotted, and as the pitching moment . L
is counted opposite in many older publications here 4 R

and abroad, the coellicient of divine moment —that /

is, (- (y)-—rather than the coeflicient of piteching g gt-—f— 441

moment has been plotted in all dingrams. /

RESULTS 0.6 // —

The results of the biplane and triplane tests are g

given in Tables 2 to 41 and are illustrated by Fieures
2 to 68,

In Table 2 are the lift and drag coellicients of a

R. A FO 15 airfoil as determined by tests with and 02 2 g’e’ﬁ’/’é;’f’;ales

without the supports for additional wings.  Figure 2
contains the corresponding polar curves.

Tables 3 to 15 contain the lift, drag, and moment 0
coellicients for each wing of the R. A. . 15 biplane 0 o4 .08 NE 76 20

combinations for all angles of attack. fig. 2 (54
'F])(! [‘(‘,Sllllh‘ ()f ”l(‘ IY. S A\ VI‘. S D })i[)ltlll(‘ tests  Polar curve for single airfoil R. A\.l . 15 measured alone and

and the R. A F. 15 triplane tests are presented in between sapporting plates
the same form and order in Tables 17 to 19 and 21 to 33.

Figures 3 to 15 contain the polar and moment curves of the individual wings of the R. AL F.
15 biplane cellules.  Inserted into the same figures are the curves of individual lift coeflicients,
Crw, versus cellule lift coeflicient, (.. Figures 16 to (8 are the curves of relative lift versus
stagger.

Figures 19 to 27 illustrate the results of the U. 8. AL T. S0 5 biplane and Figures 23 to 38
those of the R. AL F

N

15 triplane fests in a corresponding manner,
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The relative lifts of the individual members of all the tested hiplane and triplane cellules
have been computed for 0.9, 0.5, and 0.25 of the maximum cellule lift coefficient. Tables 16,
20, and 34 contain the relative lifts for R. A. F. 15 biplane, U. 8. A. T. S. 5 biplane, and R. A,
F. 15 triplane models.

0.9 of the maximum lift coeflicient is considered the upper lHmit of the lift coellicient for
dangerous air loads occurring when the airplane is pulled out of a dive. 0.5 is considered the
lower limit. The third value, 0.25 maximumn lift coeflicient, has been added to take enre of
extreme cases such as racers.

Figures 40 to 68 illustrate the positions of the centers of pressure of the individual wings
plotted against the angle of attack of the cellule.

DISCUSSION

The results of the tests with all models show that there is a general tendency of the upper
wing to contribute more of the lift than the lower at positive stageer and less at negative stagger.
With negative lifts this is naturally reversed, since upper and lower refers primarily to the direc-
tion of the lift. This result was to be expeeted from theoretical considerations (Reference 3).

The variation of gap/chord causes small changes in the relative lifts at high Lift coefficients
and large changes at low lift coefficients.  An increase of gap tends to equalize the lift of the wings
over the entire range ol the angle of attack. This includes ulso the lift contribution of the wing
model of a triplane cellule.  Nor does the change of the wing seetion of the biplane cellule upset.
this rule, which is natural and expected.

The middle wing of triplane cellules contributes less 1ift than either of the other two wings.
As shown by Figures 36 to 38, it contributed less than one-third of the total lift in all tests.

The relative lift of any one airfoil may vary as much as 0.11, us the lift coefficient inereases
from 0.25 to 0.9 of the maximum lift coeflicient. This occurred in an extreme case, with the
R. A. F. biplane with —30° stagger and the gap/chord 0.6.

Figure 22 contains a curve of relative lifts at 0.9 maximum cellnle fift, which for diflerent
staggers and for the U. S. A. T. S. 5 section ulmost coincides with the corresponding curve for
the R. A. F. 15 biplane. The difference between corresponding ordinates does not exceed
214 per cent. At lower lift coeflicients the differences hecome larger, but do not exceed 7 per
cent at 0.25 maximum cellule lift. Tt was, therefore, considered unnecessary to repeat the
mvestigation of the effect of different gaps with the U. 8. A. 1. 8. 5 section.

At large lift coeflicients the two biplune wings have about equal lifts at - 15° stagger.

The results of the center of pressure computations show that the ratio of gap to chord has
practically no effect on the positions of the centers of pressure of the individual wings in either
the biplane or triplane combinations, at normal angles of attack of flight.  With increase of
positive stagger in biplane cellules the centers of pressure move forward on the upper wing
and backward on the lower wing, and lie nearly together at 0° stageer.  Tu the triplane cellules
there is a forward motion on the upper and middle wings and a backward motion on the lower
wing with the positions nearly coincident at 0° stagger.

CONCLUSIONS

The United States Army and Navy standard relative lifts for hiplanes (References 4 and 5)
are plotted for comparison in Figure 39. Tt will be seen that the agreement is very good at
high lift coefficients. In the light of the described tests the specifications appear therefore to
be good.

The present Army specification for the distribution of lift in triplane cellules is illustrated
in Figures 36 to 38, and plotted together with the results of the foregoing tests. The study
of these figures suggests the drafting of more specialized standards for triplanes. The effects
of different stagger and gap/chord ratio should be taken into account, and triplanes of different
speed ranges require different specifications.
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TABLE 1 TABLE 2
1L AL .15 Adefoil ordinates  ULS.AUTOR S Airfoil ordinates R. A. I, 15 Airfoil —interferenee tests
[ !
Station i N ' P Station in ’ 3 Airfoil alone Belween plates
I O A T e ‘
leading edge : leading edge: ; \ c
R ! @ Cr Cp ; Cr D
Inch | Inch Inch Inches I:u'?{ Inch T T ’*"""" T — -
(1. 00 PR 060 1 0. 060 0. 00 +4-0. 080 1-0. 080 I)cgn?s B
020 001 039 .65 176 .00V -3 —0. 063 +40. 0140 —0.052 | +0.0141
o | B 033 .10 . 220 —. 032 —2 +0.022 .0121 -+0. 034 . 0129
N It 024 .20 . 296 —072 -1 . 116 L0120 .126 L0124
oy 203 009 .30 .52 — 100 0 . 199 . 0132 .210 L0135
L858 } 237 | L 000 .40 A0 —. 120 +1 270 L0157 | 282 . 0151
R TR Y <60 - 472 =186 2 - 852 -0178 ‘ - 366 - 0167
B0 Conn Lot i L& .52t —. 140 3 432 . 0203 j . 443 . 0201
s Los 02t [ a2 . 588 —. 115 1 . 706 . 0261 i.522 . 0242
Lo 980 08 160 392 —. 060 i .65 . .037D [.673 L0345
oo | ! 0N 2,00 L 556 -2 8 790 . 0490 ;“'805 . 0481
‘i 1A org 083 2,40 L4902 —.012 ‘ 10 915 . 0617 . 934 L0627
L Go0 L 265 L0 280 A2 e 008 12 1.00 - 0807 Lo . 0856
| 2000 44 07 a0 ! 312 —0t | é 14 1.01 .133 1.02 .132
2400 L9219 013 3. 60 C.196 . 000 ‘ i 15 1. 00 1 L2183 Lot .213
” 500 ot o0 58 .3z | .00 | | L |
2980 177 . 060 ; 4. 00 . 040 ‘ 4. 040 |
3.200 S8 400z | [ : !
3. 600 115 L008
3.800 . 088 013 |
i3.920 . 069 .o17 ‘
4,000 032 032
\




R. A F

Degrees
—4

R.A TN

Degrees

16

R. A. F. 15 biplane. Gje¢ =0.8.
Upper wing
@ (42 (&7 Car (2
Degrees|
—3 1—0.055 |+0. 0161 | —0.012 | —0. 040
—2| —.018| 0139 —. 024 +.002 .
—1 4.05 | .0120] — 060 .05 :
0 . 115 L0121 | -, 075 . 112
—+1 . 180 L0130 1 —. 080 . 162
2 . 236 : L0144 ) — 098 . 208
3 . 299 L0174 — 117 . 264
4 . 350 L0208 | —. 128 . 320
6 .472 L0308 | —.155 . 422
B . 606 L0460 | —. 199 . 527
10 731 L0625 | —. 214 . 621
12 845 L0776 © —. 236 L T06
14 931 L 102 ~. 264 LTHG
6 942 142 -, 264 798

—. 121
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TABLE 3

15 biplane. G/e=0.6.
Upper wing
CL 'n Cu r,

2 .08 |
L2TR L0266 L — 006 414
396 03T — 129 2
Sh04 L0528 —.16]

S606 1L OTI0  —, 182

LT LOBYK — 195 s
R L09A2 - 200 L8
CROT | L0834~ 10 RE ]

\ !
TABLE 5
15 hiplane. Gfe=:1.2,
Upper wing 1
L
[ Cp Cy [
—0.458 | +0.0151 |—0. 013 |—0. 092

SO0 019 | — 034 | — 018
b 084 L0125 | —. 053 | +.070
S144 L0139 | — 080 1 163
S19T | L0161 | —.095 .22
S26 L0191 | —. 101 | 297
307 | L0225 | —. 112 474
36T | L0275 —. 136 | 442
486 410 | —. 160 | 573
600 L0598 | —. 180 | 706
STH L0810 | —. 215 | 814
SB43 10 | -8 RGT
HT0 118 | — 280 0 NS
975 | 284

. 148 -~

TABLE 7

Stagger= —30°

Lower wing

Cp Oy
b
68 |+0.0166 —0. 025
JOI6T —. 045
L0157 —. 065
L0159 —. 089
L0177 —. 105
L0196 —. 122
L0215~ 134
L0244 —. 141
L0307 — 16T
L0408 | —. 192
0485 F — 202
L0636 | —. 227
S -k
198 —. 286 ‘
Stagger—= —30°
Lower wing :
Cn Oy
0. 0168 |—0. 008
oled | — 020
L9144 | —. 056
L0149 | —. 078
L0170 | —. 100
L0186 | —. 112
L0213 | . 135
L0242 1 — 148
{082 —174
L0446 | — 211
0549 | —.
CL0TI0 | —. 258
L1112 | —. 283
R50 oo

Stagger--0°

Lower wing

Cn (7]
40,0137 —0.026
L0125 | —. 047
0118 | ~. 061 |
L0120 | —. 086
L0150 | —. 09T
L0171 | — 112
L0201 —. 126
L0240 0 — 1 |
L0340 | —. 154
L0473 | —. 186 ;
.0590 | —.211 |
L0680 | —, 221
0975 1 —. 242
ATE L - o83

TABLE 4
R. A. F. 15 biplane. G/c=0.9. Stagger= —30°
| .-
| Upper wing Lower wing
a 'y, Co Cy Cr Cp Cy
Degrees
=3 =072 |4-0.0149 ,—0.002 —0. 084 [4+0.0173 [—0. 015
-2 —.009 L0130 0 —. 021 —. 010 LOI67 1 —. 035
—1 4005 LO01I8  — 042 4. 076 LOH2 |~ 057
0 AERL.} L0127 - 072 165 LOM3 T~ 0Kh
+1 169 L0149 0 — 08y L 230 LOI5T . — 1M
2 L2 LO1Th — 081 L2094 L0174 — 1B
K] L2650 L0208 — 097 K3 0200 1~ 132
9 L3427 L0251 — 117 L 427 L0228 |~ 148
i} . 449 L0384 —. 150 A58 L0290 | — 171
b . Hi6 L0372 —. 183 6879 L0421 | —. 194
19 LBHET T L 0TeT L —. 199 . 796 L0810 | —. 224
12 LTRT 962 1 —. 230 . 865 LNGY | —. 250
14 L9130 10 —. 245 . 864 . 108 —. 269
16 k) . 130 —. 256 32 ..
IS U891 I3 —.270 Lo
i

TABLE 6

R. A F. 15 biplane,  Gie 04
Upper wing
3 (92 Cp (Y] €L
Degrees
—3 . —0.066 [4+0.0169 | 0.000 |40.003
-2, —. 001 L0140 | —. 025 L 065
-1 4.067 | .O0H6 ] ~. 04T | .09
[§] L1268 L0116 - —. 053 . 146
10 L83 0S| — 073 | L 194
20 .24 ] o120 —osd | Lum
30u814 o152 | — 112 | Ly
4 U3TH] L0185 | — 118 U385
i .488 —.125 ] 433
8 . 605 — 161 . 532
10 .730 —~. 190 | . 620
12 838 0669 - —. 223 . 700
14 L9125 L0834 0 — 230 | .T765
16 .11 178 — 218 ] L T08

TABLE 8

. Stagger-= (0°

Lower wing

+0.0140 :—0. 039

L0182 —. 061
L0131 | —~. 0N
CLo1s0 | — oe
CL0NTs | - T
L R S T
L0232 —. 19
L0273 —. 157
0374 | — 149
L6506 | —. 177
L0623 | —. 102
L0741 | —. 214
L0983 | —. 238
I8 | —. 982

R. AU F. 15 biplane,  Gfe==1.0.  Stagger=-0°
Upper wing Lower wing
@ [&/3 Cp Car (&3 {p (a
Degrees
=3 1—0.061 ‘40.0130 |—0. 015 [—0.060 40, 0143 | —0. 027
—2 006 0104 —.033: — 001 .0I120 ] — 049
—1 . 4+.063 0 0090 —. 055 -+ 0G4 L0118 . —. 069
0 L1200 L0095 . —. 071 129 L0125 — 087
+1] L1820 L0105 —. 088 | 177 L0145 —. 101
2 .28 L0120 — 103 | 231, L0167 —. 115
303190 o8| —122| 203 L7 | —. 121
45 380 L0213 —. 140 .355 ,  .0238 0 —.140
6] .500| .0326 —. 166 .4651 .0342 —. 164
8| .639 ‘ 0487 . — 191 567 | 0465 . —.186
0| 7700 0655 | —.210 | .672' 0583 —. 208
12| (880 L0BIG | —.225 | 757 L0686 | —. 297
MK 10 F - 262 ] 808 10— 250
16 .88 6] 31T L8330 10— 28
| | i i |
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TABLLI 9
R. A. . 15 biplane. Gfe=1.2. Stagger=0°

Lower wing

Upper wing

T ) o Cw

a O ‘[ Cn [

Degrees ! |
—3 —0.066 ‘+0.0147 |—0.015 —0.055 +0.0148 —0.016
—2 =001 0121, --.033 +.015 L0132 . —. 041

—1l 40740 L0107 —o6t 080 L0118 | — 066
0 144 013 —0T6 1 Mol L0126 | — 082

1197 L0128 —. 084 203 | L0148 | —. 094
9. LT, .08 —. 111 257 | L0163 —. 105
L3335 L0180 D —. 121 L0193 | —. 122
44020 L0225 - 189 L0233 —. 135
P T TIY 1 Y RV U335 —. 165
8| nee L0504 - 206 L0471 — 1l
| LT86 L o6eTA —. 232 L0597 . 207
12| .87 L0837 —. 261 L0705 —. 235
[F PO L1065 | —. 258
6! . 1T | — 208

TABLE 11
R. A. F. 15 biplane. (/e -=0.9.  Stagger=:-}15°

pper wing Lower wing

a Cr. ‘ Cp O

| i
Degrees ‘ i i
g 0,052 40,0150 —0.003 |0, 034 4-0. 0144 |—0.023
2 G024 0 L0138 0 — 030 | 4. 038 L0130 | —. (44

~1 0 108 L0135 —053 | (103 L0128 | —. 065
R P I TR P—ota | 160¢ L0139 | —.074
FLL238 —. 094 L2090 .0157 ' —. 091
20T L2857 | .08l —.097

' 3 L3879 316 L0207 —. 116
boodA0 | L0209 AT L0254 — 12
60 LARE L0301 . 450 L0380 1 —. 160
% TIT O L0H0 588 L oseT ‘ —. 182
10 JH65 L0622 JGRL L0680 —. 201
12 .90 L0783 TS| L0813 —. 229
Lo 108 861 | 100 | — 248
6 Lot 147 923 | 144 | —. 263

TABLE 13
R. A. F. 15 biplane. G/e=0.6. Stagger=+30°

: [

Upper wing |

Lower wing

a r, ! (&7 TR &/ Cp Car

1 ;

|

Degrees i :
4 |~—0.020 F0. 0162 (—0.020 F0.016 |40. 0123 [—0.036
2| 4057 Loa3 I Zoat Lora| .oz | — 060
145 D ook7 o L6 L0134 | —. 061
0 216 L0ty 152 L0163 | —. 084
FU D103 192 L0198 | —. 082
2] 364 fo 16 omt| oz | -
3 LR Lo — 1300 276 L0260 | — 100
o a0 L2 —. 1 L3290 L0309 [ - 117
ol m3e !l L0208 - 1TH 423 L0446 | —. 143
XL TeT [ 208 B0 | 061G — 167
1o L9412 234 . 602 L0778 1 —. 191
12| w97 P oo 686 | L0936 —. 212
L0 | Coawt LT8R 115 | — 2R
1G] Lo5l ‘\ _oo02 006 | 157 —.27

10421—27 2

TABLE 10
R. A. ¥. 15 biplane, (/ce=0.6. Stagger=415°

i Upper wing Lower wing
i -
- I

|
@ CL Co | Cw | (i Co Oy

Degrees : ‘

—3 [—0.057 [+0.0180 ; 0.000 :+0.017 [+0.0119 —0.038
—2 | +.013 L0158 | —. 025 . 085 L0117 . —. 060
—1 . 096 L0142 | —. 049, 137 L0125 —. 078

0 159 L0133 - —. 070 L 178 L0136 —. 090
4-1 . 226 L0117 —.079 .213 L0154 | —. 091
2 . 280 L0125 —. 107 257 L0177 { —. 106
3 L34 L0162 —. 108 .d12 L0213 1 —. 120

4 . 419 L0181  —.120 . 366 L0269 | —. 131
fi . 352 L0274 —. 161 . 462 L0398 P — 150 |
8 . 688 L0396 1 —. 184 RHE L0546 1 —. 192

—. 206 | L6541 L0702 —. 206
J218 | 73T L0833, —. 235
— 242 | .803 L1000 - 248
—.245 1 877 | 145  —.272

10 . 807 . 0520
L0168 . 0656
14 . 952 L0914
16 L H01 129

s
|

TABLE 12
R. A. F. 15 biplane. Gfc=1.2. Stagger= -+ 15°

Upper wing Lower wing

a (&3 Cp (&Y (43 (&%) [&17]

Degrees i
—3 |—0.055 {40.0174 |—0.012 [—0. 043 ,+0.0150 (—0.012 |
—2 | 4. 021 L0161 ' —. 033 | +.032 ] L0144 | —. 033
-1 .10 L0159 —. 063 L102 | . 0143 | —. 055
| 0 .19l L0170, —. 093 L1641 L0159 ; —. 082
L+ L249 | L0173 | —. 105 .220 0 L0176 | —.094
2 - 326 L0180 | —. 120 . 270 L0192 | —. 103
3. .400 .0206 | —. 132 .330  .0221 | —. 124
4 . 468 L0245 | —. 145 . 395 L0260 | —. 140
6| .600: L0356 | —. 175 | .502° .0373 | —.160

| 81 L7614 0503 | —.212| .623° .0525 | — 181
i 10| 8961 0693 | —. 241 | 711 .0695 | —. 221
i 12 LO1 L0874 | —. 278 | .BI1| .0833 | —. 241
: 14 105 J122 | —.303 | .908 | .107 | —.250
16| 1.03 J178 334|960 ] L1490 | —. 291

i i

TABLE 14
R. A. F. 15 biplane. G/c=0.9. Stagger= 1+30°

|
Upper wing i Lower wing
i I
a ¢, Cn Cn | Cr Co Cu |
I !
Degrees
—3 10,052 +0.0156 |—0.013 |—0. 028 ‘+0. 0132 | —0. 030
—-2 | 4. 028 L0161 | —. 027 | +. 041 L0128 | — 047

—1 120 L0158 | —. 058 . 003 L0125 | —. 063

0] L2081 L0661 — 099 147 | L0144 5 — 071
+1 272 : L0177 | —.098 1 202 | .0168 | —. 087

2| HBLY L0197 | 182 241 | L0197 | — 094

3] 422 L0220 — 189 | 300 | L0228 | — 109

4] 499, L0262 —. 158 | L3453 | L0280 | —. 120

61 L6407 L0359 | — 197 | L4521 L0412 ] —. 154

X, .74 L0611 | —.236 | 5561 L0572 | —.185
10 898  .06A8 | —.23¢ | 662 L0748 | —. 200
12 L03 L0832 | —. 248 | .T56 | L0800 | —.230 |
14| LR 0 -2 862 110 | - 266
16| 105 B N .

1
1
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TABLE 15
R. A. F. 15 biplane.

Gle=1.2.

Stagger = +30°

o

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Upper wing TLower wing
a Cr Co Cy & Cv Cy .
—— - |
H I
i Degrees i
i -3 —0.055 1 40.0147 —0.016 —0. 040 0.0052 | —0.009
‘ -2 4. 082 L0149 —. 048 +.032 L0157 —. 044
—1 122 L0145 —. 071 . 080 L0153 —. 062
0 204, L0153 —. 5 L 152 L0167 —. 080
! +1 L9TH o165 —. 105 .213 L0189 —. 002
i 2 L3568 | L0186 —. 134 L 257 L0219 —. 103
: 3 34 L0214 —. 142 . 320 . 0251 - 117
4 . 505 | . 0249 —. 167 .374 . 027 —. 187
6 659 | . 0356 —. 199 . 489 L0424 —. 161
8 . 820 | L0518 —. 240 600 L0594 — 91
10 .48 | L0671 —. 22 709 L0759 —.216
12 1.05 . 0864 —. 232 811 06 —. 244
: 14 1.08 137 —. 326 413 110 - 26T
i 16 1. 06 . 226 —. 5% Nires 148 —. 288 |
| i ! i
TABLE 16
R. A. F. 15 biplanes.
Y0% CLC max 50C% €L max 25%% CLe mux
] 0 C C i . C C, 7 %% [& . W! 7(
9095 LU LL | 0% v LU LL 25% v v Cry | CrLn
G | Cromms (20 | O G| Gre icw.m Coo | Lo o0 l Cie |Clome CLU | i Y.
Stagger = — 30°

0.6 0.752 | 0.698 | 0.806 | 0.464 0. 536 0. 418 0.350 | 0.485 0.418 ! 0.582 | ©.200 ‘ 0.145 0.268 | 0.351 |

0.9 . 807 .755 . 850 . 470 .530 | .449 . 387 . 601 . 435 ‘ . 65 . 224 ‘ . 186 . 256 . 421 |

1.2 . 841 . 810 . 877 . 480 L5200 L 468 . 423 L508 . .454 ° .546 . 234 L215 . 252 . 460

' ; ‘ ;
I | i i
Stagger=0°
| SRR I o |
| 0.6 0.771| 0.840 . 0.700 | 0.545 | 0.455 0429 | 0.452 | 0398  0.531 [ 0.469 | 0214 0213 L 0.217 | 0.495 . 0.505 |
0.8 it . 857 712 . 546 454 435 . 461 411 . 528 . 472 L2180 222 0 206 .51y T
1 Lo 820 | 885 754 L5401 (460 0 456 | 478 0 430 .26 474 L2280 (234 L2220 (5130 488
L2| .837| .83 800 521 AT9 D aeh L 483 4s a0 ave | w33 L2 L2220 5200 L4m0 |
| t H f | |
P | ' I ] i | R i
Stagger= +15°
[ [ | ‘ ’ ‘ ; 7{ T
: 0.6 | 0.801 0.890 ; 0.705 | 0.557 @ 0.443 | 0.445 ! 0. 478 | 0.408 | 0.539 0. 461 0.223  0.221 i 0.223 1 0.498 | 0.502 ‘
0.9 .873 | .958 .785| 548 452 | .485  .528 | .438 s ey | o3 262 .22 538 l . 462
1.2 900 995 | 800 554 . 446 | 500 543, 454, 544 486 .250 271 226 545 | . 455
N ) N R i | B
Stagger= +30°
) R ‘ _ . | ;’ ‘ N ‘ _ -

0.6 | 0.838 | 0.988 | 0.6821 0.591 1 0.409 | 0.466 . 0.573 0,362 0.613| 0.398  0.233 0.277 | 0.184 | 0.595 | 405 |
Co09l Le14| 105 | 7801 (574 426 ‘ 508 A9 418 oG 4140 254 267 L2011 576, .42 f
:t 1L2] .42 | L05 795 | L 567 ] 433 5120 588 434 575 L4265 . .256 0 .202  .217 | 571 } 420 |

| | | | |



ATR FORCES ON A SYSTEMATIC SFRIES OF MODELS

TABLE 17 TABLE 18
U. 5. A, T. 8. 5 biplane. G/e=0.9. U. 8. A. T. 8. 5 biplane. Gle=0.9.
Stagger:=—30° Stagger=0°
ol ; fem e e
Upper wing | Lower wing Upper wing Lower wing l
. ‘ : N e r :
o | 43 [T Y] Lo 'p Car @ ‘ . Oy 'y CL i Ch Cy |
- i : l_ . |
Degrees; : Degrees ‘ l ! 3
—4 I I, _ 0,004 ‘%-(l. 0142 —4 0. 026 0. 0257 '—0. 088 |40. 040 |+0. 0036 ‘~0. 144 |
—7 i F0.064 H0. 00 01T+ 119 | L0165 —7 | 4.091 L0292 ] —. 118 158 TE D - 162 ‘
Zaloass o oter | — ez 26 o217 —5 1 205 L0248 | — 1331 L2720 L0139 | — 192
368 L0209 — 251, 369 L0278 —3 L3250 L0279 | —. 169 L0229 —. 208 ‘
—1 ‘ . 1RO CO08E 0 — 281 AR L0308 ! -1 L0333 | —. 1% L0330 | —. 243
ol 441 Losts | —o2wo LAl L0400 0l L0370 | —. 208 L0385 | —. 252
-1 ‘ 3 L0400 } 607 (444 +1 L0412 1 —. 238 L0448 | —. 264
2 ! L0473 L 670 . (480 2 L0464 | —. 250 i3 | —. 282
3 562 L T2 L0642 3 L0520 | —. 255 LO5RY | —. 288
1 L0658 L TNT . 0580 4 L0856 1 —. 279 L TH0 L0665 | — 02
i 6 CORAT JOB) | 06Y5 6 [ o7a4| —.08  Lsss | Lomes ! —a20
8 ‘ 10y L0 . D800 ‘ R 1 L0921 | —. 336 L0566 L0960 | —. 348
10 135 107 . UBHA 10 i 113 —. 366 .03 L H3 ‘ —. 365
12 162 L9 ‘ L0909 12 | 182 - EsE Lo |2 | e
14 18D Loz 120 ‘ 14" 158 M1 OLO06 1B |~ 351
16 ‘ 203 48 ‘ LOOK 143 16 174 ‘ 1.02 LI0R L 034
1% 26— A2 ‘ N :
! 20 P S V. SRR PR ‘
UL A R B A
TABLE 19
11, N, A T 8. 5. biplane. 0.9
Stagger=: {-30°
Upper wing ‘ Lower wing :
a r Co ‘ Cy L ‘ Co Cm :
! |
| — - - : : ‘
Degrees | i
‘ -9 +0. 097 40, 0165 ‘ —0.125 -+0. 003 ‘ +0. 0074 —0.099
f -7 .229 L0180 —. 157 . 102 . 0096 —. 122
—5 . 363 . 0215 —. 183 . 208 . 0154 —. 148 |
. |8 . 504 ﬁw‘ . L300 | L0234 —168
‘ —1 . 646 L0332 | .385 | . 0347 —. 192
0 .72t L0377 | Laa7 | Loais —.213
+1 . 804 L0428 . 496 . 0480 —. 231
! 2 . 890 . (486 L o44 L0571 —. 239 ‘ .
: 3 . 965 L0533 | ) .585 . 0658 —. 249
4 1.03 . 0624 ‘ —. 381 635 | L0755 —. 261
6 118 L0774 —. 415 ‘ . 725 . 0945
8 1.29 L0436 —. 428 . 823 115
10 1. 34 L 114 ‘ —. 426 L0921 L 136
12 135 a3 | —4s ‘ 103 | 160 —. 370
14 1.31 168 —. 399 1.12 182 —. 393
16 1.25 . 190 | —. 383 1.15 ‘ . 207 —. 398
8 .15 L2102 ‘ —. 365 ‘ 1. 15 .23 —.395
20 .- S . - L6 | 262 —. 401
TABLE 20
U. 8. A. T. S. 5 biplanes.
! 9098 CL¢ max. i 5004 CLC mas. 25% CLC wax. ‘
i _l I _
| i ‘
9% ‘ ‘ ‘ Cru cre 3% L Oy 4 ‘ 25% Cry CLL \
Gle for . Cre | L, Cre o | Cue Coy o Cur e | Cue Cru Cr. Tre Cre |
s | ‘ ! max. i | ‘
Stagger== — 30°
| 0.4 1.0t ‘ 0.975 i 1L.o5 D 451 ‘ 0.519 0. 562 . 507 “ 0. 620 : 0. 450 [ ). A0 i 0. 281 ‘ 0.233 \ (. 328 ‘ 0.415 l 0. 585
I I

A e R i
am‘am‘um‘uw‘um\um‘um‘am

0.4, L03 1. 07 | 100 & 0.518 0.4)'62‘ 04575| 0. 562

+30°

B Sfrégrger =

(. 638

T e 1 :
um*umlum‘umsumiuw uw‘am umﬂ

| |

0.9 LI 132 l 0.868 0. 604 ‘ 0. 396
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TABLE 21

R. A F. 15 triplane.  G/e==0.6.  Stagger - —30°

Upper wing i Middle wing Lower wing
| »
a CL Cp Cy | (7 'y (&) (&2 | ' Cm
- [ _._; - N - —
Degrees |
—4 —0.083 {+0.0179 —0, 002 —0. 105 40,0182 —-0.012 ... T PO
-3 . D [ —056  4.0170 | —. 036 | —0.065 +0.0174 | —0.025
-2 B — - . 005 1 L0180 —. 042
e T e S B 083 0T | — 050
0 | . A6 0178 | — 0y
+1 I L2321 L0186 ~. 110
2ol _ L . ST Loy | — 12
40 420 40185 | —. 083 e . 345 L0222 1~ 133
4 . 242 L0227 — 087 . +.248 40212 —. 088 L 401 L0246 | —. 141
5 . 290 L0285 |~ 096 L 304 L0238 | - 112 .
6 .329 L0334 —. 113 . 382 L0201 — 18| 511 } . 0320
8 S48 L0502 | —. 146 L 434 L4098 — 138 616 . 0385
10 a1 ors | —1re . 514 L0517 —. 148 715 L0474
12 . 638 L0930 | —.193 . 602 L0609 | —. 165 JT86 L0637
14 T4 16 —. 223 . 680 L0622 1 — 176 B0
16 . 846 126 —.233 . 689 L0702 — 159 i TR L 183
18 . 868 L 146 — 249 ... .. . - E . R
TABLE 22
R. A. F. 15 triplane. G/c==0.9. Stagger— —30°
Upper wing Middle wing i Lower wing ‘
,,,,, ] . - .
‘ a Cr Cp Cy [0/3 ‘ Cp Cu : (&3 o Cu
i |
Degrees i 1 j
i -3 —0.035 |+0.0135 | —0.012 I —0.075 0. 0163 | =0 010 —0.083 +0.0164 —0.012
-2 —+. 002 L0127 | —.032 —. 025 o 0143 —.023 | ~ 014 . 0162 ~. 029
-1 . 062 L0122 | —. 048 +.013 | .0126 —. 037 +.070 L0158 —. 058
0 109 0120 | — 063 (102 .013¢ | —.066 | 158 L0159 | —. 084
+1 . 154 . 0146 S 077 ‘ L1567 ‘ L0154 — 08¢ ' ,.226 L0170 —. 102
2 200 L0188 | —.084 L2020 L0177 —. 091 . 286 L0170 —. 110
3 . 248 . 0201 ~. 102 .245 L0205 —. 094 L3541 L0195 —. 122
i 4 . 289 L0240 . —. 105 . 203 \ L0237 1 —. 106 .421 L0221 | —.132
6 . 400 L0373 | —.139 . 465 . 0333 —. 131 H43 - 296 —. 160
8 . 499 L0543 —. 166 . 503 | 0467 | —. 159 662 L0375 | —. 187
10 . 599 0761 ~.101 SRO0 | L0605 | —. 18 773 L0488 | —. 214
12 695 L0972 | —. 223 723 1 L0737 —. 186 830 L0673 1 — 217
14 . 809 I . 121 —. 238 . 825 ‘ . 0808 —. 203 . 803 . 105 —. 247
16 .929 . 150 —. 267 L8421 109 —. 310 Yo —. 260
18 . 964 ‘ .168 — X2 e e —
TABLE 23
R. A, F. 15 triplane.  Gje=1.2. Stagger= —30°
|
;’ Upper wing : Middle wing 1 Lower wing
| — |
;@ (&2 n Cyr [&/3 'y ('m ‘ 'y [ “n CUnr
:’ Degrees
i =3 0048 40,0187 ¢ 0,014 —0.060 00126 —0.015 | ~0.08% 00164 —0 009
=2 +. 002 L0127 —. 026 ~. Y L0131 - 030 —. 015 L0153 —. 082
-1 L7 L0123 — 060 . 064 L0138 — 05K Fo0T3 ’ L0142 —. 060
‘ 1] . 136 L0134 —. 076 L1385 L0142 —. 085 . 161 L0147 —. 085
! . 185 6155 | — 083 . 189 L0159 | —. 086 \ L 226 L0155 —. 096
| 2 . 235 L0180 | —.094 . 238 L6186 | —. 104 24 0160 — 104
! 3 . 283 L0210 —. 102 L9 L0214 | — 109 } L3681 L0182 —. 122
4 L340 L0258 | - 125 0 358 } J0266 | -127 | 436 L0211 - M1
6 . 458 L0397 | —. 161 . 466 L0363 —, 150 . 569 L0303 —. 175
8 . 561 L0585 | —. 175 LAY ‘ B A Y L0399 —.201
10 . 669 . 0791 —. 211 . 690 L0677 —. 200 LYY . 05563 - 23
12 . 764 . 101 —.239 LT98 . L0822 . — 23] ‘ R..h ‘ L0752 —. 258
14 . 878 124 —.269 | 899 ‘ L0977 | —.253 ’ .852 L2 20
16 . 984 149 -, 285 L9058 1 127 —. 268 | JH28 -
]! 18 1.0 . 183 —. 3081 ___ } ______________________________ e
i |
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TABLE 24

R. A. F. 15 triplane.  Gje--0.6. Stagger=0°

|
Upper wing ! Afidle wing Lower wing

a | . (O] ! [8XY ey, \ Co Cy ', Cp Cu
1)(‘,(]!(‘[&‘ .
3 —0.050 400182 —0. 008 0010 |40 0135 —0. 031 +0.017 +0.0114 —0. 045
—2 . 006 UL —. 017 A58 L0140 —. 047 078 L0126 —. OR7
—1 073 L0135 —. 031 L 083 L0145 —. 089 129 . 0139 —. (081
0 L 14 MUESS —. 060 L1224 L0156 —. 067 178 L0163 —. 093
-+1 NUEY) —. 071 153 L0171 —. 078 221 L0197 —. 104
2 L0161 —. O8% L 200 L0187 —. 086 260 L6229 —. 110
3 CO1R3 —. 007 L2242 L0207 —. D05 312 . 0266 —. 124
1 L0212 il V208 L0231 —. 100 . 360 " L0301 —. 133
t L0288 —. 145 356 L0208 —. 111 446 . 0401 —. 155
X L0300 N I . 425 L O3R2 —. 122 530 L0617 —. 176
n Rt EE biX) _ 500 L0470 --. 129 aln L0632 —. 192
12 L OBB0 210 RGH] L0543 —. 143 685 L0721 -. 214
1" ( L OKRY .27 .63l L0625 - 148 740 L oseo - 207
16 1R T —. 254 LTI JORRZ - 168 780 152 —. 250
18 _ . - _ LTE2 oo, —.H3 838 L232 el .
o | i
TABLLE 25
R. A, L. 15 triplane,  Ge=-0.8. Slagger= 0°
Upper wing AMiddle wing Lower wing
; | I )
a | [ [T & 'L, (& Cy Cy Co Car
I, i . .
| Ih‘grux‘ ' ; |
. =3 0042 [HO0MHY 000y 0007 0. 0133 0026 | —0.007  H0.6126 —0.08]
1 -2 jLool2 U138 ; - 032 {054 L0139 (19 t-. Ufid L0139 —. 0567
! -1 L0 L0132 ! CO4F NI RHES] L056 N P L0145 —. 78
0 106 L0142 R NEN 1oy 070 7S L0161 - U8h
il 200 L0049 LIt T RN Nirin L2l L0196 -, 109
2 L2 T o L2l 0195 - 185 269 L0220 - 1h
3 R LYY - 1T L2y L0222 - 103 L824 L0250 —. 126
{ LBUN 2 B B L 323 L0251 — 11 370 L0206 —. 1y
[ ol o,oLsen | — 161 414 L0331 —. 1 469 . 0390 —. 155
} % et Loen Do—o s 47 RIreh —. 147 . 550 L0304 —. 180
| 10 LTA6 L Loe12 o — 204 .81 Londd | . 150 L6830 L0624 —. 198
. 12 RAT 07T . LBGG L D66 —. 169 L732 oTT L —. 212
1" JoR) L owsy LT LOTRR L — 184 THS J0RO1 —.220
15 TR i w21 LM =213 LB L5727
1R Lol _ | ... L S66 1 1K1 -, 250 L858 Lo Lo |
TABLE 26
R. A, I, 15 triplane. (o= 100 Stagger -0°
Upper wing Aiddle wing Lower wing
« | &3 Cp Cu Ct, Cp (&Y ‘ i,
I)(grtrxl
—3 0 —0.037 [40.0149 —0.010 —0.008  40.0161 —0.034 —0.027
—2 032 L0143 —. 034 +. 056 L0124 —. 047 +. 049
-1 . 106 L0143 —. 0565 2109 L0129 —. 061 . 118
0! L 173 L0159 —. 082 L1568 L0144 U] L 167
-+1 L0176 —. 086 . 200 L0167 — (07 . 219
2 ‘ . 0201 —. 111 L 248 . 0186 —. 094 L2713
1 . 0228 —. 131 L 303 L0212 —. 107 .331
4 L0271 —. 146 L3582 L0248 —. 17 L 387
6 ‘ L0374 —. 165 452 L0340 —. 153 . 492
& ! L0520 —. 201 . 550 (462 —. 158 . A91
10 L0678 —. 225 . 645 . 0592 —. 169 . 682
Y2 - e 732 L0707 . 200 i
14 ‘ N T 1 —. 257 .R28 . 0854 —. 200 . B30
16 1.o2 L2 —. 307 . 885 LI28 —. 244 . 866
18 1o _ - 919 . [ L8092
| | i |
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R. A. F. 15 tripls

Upper wing

D Cy ‘
+0.0145 | —0.016 |
L0129 | —. 038
L0125 0 061 |
L0142 | —.080 |
L0161 —. 095
L0179 — 17
L0215 | —. 130 ¢
L0256 | —. 138
L0363 | —. 170
L0511 ’ .

. D689
L0872
12
134
. 156

R. A F. 15 triplane.

Upper wing

a |
‘!)earees ‘
-3 | —0.003 J
—2 1 4.034 |
-1 07|
0 .18 }
+1 0 .27 |
2 306 |
3 374 |
4 441 |
6 66
8 693 \
10 814
12 934 |
14 1,03
15 1.04
16 1.05 ‘L
18 ... '
e [
a ,

. 0163
L0142
L0122
- 0120
. 0129
. 0164
. 0186
L0274
- 0395
. 0550
- 0690
023
L 130

. 165

R. A

Cp

+0. 0142
L0131
L0121
. 0132
. 0141
. 0151
0203
L0232
. 0341
. 0488
. 0671
. 0843
. 112
. 160

-2 | 4.022 |
-1 102
0 e ‘
S -1
2 . 204
. 31 .35
4 411
6, .52 ;
| 8 | .670
[ VI Y
12 914 |
14 075 !
16 973
18 L RY8
0 .
i }
[ Upper wing
|
a Cy
Degrees
-3 ‘ —0.046
~2 | +.031
—t . 116
0 ’ 187
+1 0 248
2 .323
31 387
4 . 456
[ . 592
8 | . 728
10 [ . 862 J
12 . 982
Mol Lo
16 . 105
R

110
L 125
. 139
167
. 203
234

. 272
. 306

TABLE 27

Middle wing

(&3 Cp
—0. 007  +0.0136
S0 L0133
132 L0143
. 181 0161
L 225 L0189
. 283 . 0218
. 341 L0248
387 L0285
500 T8
H96 i
L702 L0643
LT3 LO7TY
. . 0452
022 L1837
T

TABLE 25
c

Middle wing

(g Cu
0.000 |40 0141
+.049 .013y
. 097 L0147
133 U156
. 155 L0174
176 ) L0190
228 [ . 0208
. 264 L0243
. 303 L0278
. 382 ] L0357
. 458 .- 0461
. 543 ' L0588
622 L0671
. 700 O
L7700 . 102
L857 154

TABLE 29

Middle wing

L Cp
+0.006  +0.0137
068 L0134
119 L0138
. 158 . 0166
197 . 0183
. 245 L0199
L 208 L0235
. 346 74
. 444 L0371
. 534 . 0497
. 634 . 0653
724 L0785
.8I17 . 0932
. 906 154
L9587 . 255

0.6,

. F.15 triplane.  Gfe=0.9.

ane.  GJc=1.2. Stagger=10°

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Lower wing

Oy (&3 i Cp (&Y
| |
i
L —0.030 ¢ —0.036 | Fo.0152 | 0. 022
—. 031 | +.035 L0130 | — 046
—. 078 108 L0156 | —. 066
— 45 JIT3 L0176 | —. 088
—.09 | 226 . 0204 —. 2
—. 114 L 2K3 L0230 ] —. 113
—. 132 L3347 L0259 | —. 180
— 141 a0 L0208 | — 140
—. 154 9L L0398 | - 161
T T TR T
—. 201 710 L0630 | —. 20
-2t T ST 1 — 232
—.244 | U817 LTS —. 25
—. 263 . RBR . 161 —. 265
,,,,,,, . RBA T
I L ]
Stagger-=-{-15°
‘ fower wing
’ Uy \ (&) [ (&)
0088 ...
~ 04T . H0.009 00111 —0,042
—. 065 . 068 L0114 —. 053
—. 067 113 L0l28 - 074
—.073 158 L0142 — 084
—.071 | 194 68— w2 |
—. 087 . 225 0188 — 096
—. 102 L 270 L0220 —.110 |
—. 104 .321 L0264 128
—. 124 . 407 U384 — 145
| —36 | .4y7 L0517 —. 159
—. 183 | .5T LR — 180
- 171 L1650 L0828 =202
—. 182 LlS 94K —. 218
—. 199 1Y —. 244
—. 210 K6 2TR
________ L2452 - 320 |
|
{
| i
Cu CL p | Cyr
L —0.028  —0.023 |40.0131 ‘ —0.021 J
—. 058 +. 015 L0124 —. 038 ‘
—. 066 103 L0128 | —, 060
—. 076 154 0143 ' —. 79
—. 084 . 200 L0184 | — (95
—. 080 . 239 0182 | —.097 |
—. 106 L 288 L0212 1 — 109
—. 119 . 344 L0248 | —.120
—. 142 . 440 L0372 | —. 141 |
—. 158 . 530 L0508 —, 16K
—. 183 L 627 L0680 | —.195
—. 206 LTI8 L0813 |~ 210
—. 224 . 802 L0936 | —.233
—~. 328 L8190 124 —.m |
—. 288 . 865 197 —. 281
1




AIR FORCES ON A SYSTEMATIC SERIES OF MODELS

R. A. I. 15 triplane.  Gje=1.2.

TABLE 30

Stagger:==+15°

Lower wing ‘

40,0143 —0.021
-] —. 045
‘ L0141 | —. 066
L0156 & —.088
L0176 —. 086
‘ Lot —. 102
CoL022v —. 1o
L0270 —. 126
| Loz 0o 16
L0837 —. 179
. L0704 —. 204
[y )
. O0RT —. 210
134 — 2

L2015 —. 31

Lower wing
' |
(n ! 'y
|
40, 0112 0020
oMy - 044
L0102 F — 05T
L1y ‘ —. 064
L0148 --. 073
L0181 — 07
L0220 | —. 086
Coowe | —o107
L0405 — 130
. 0540 ‘ —. 150
L0748 —. 6T
L0902 ‘ —. 190
. 109 | 218
L1300 ¢ —.28 ‘
. 166 ‘\ —. 268 \
-30°
Lower wing ’

Cn ’ (Y] ‘

o024 —0.024 ‘
FoLone | —042 !
Lot ‘ —. 055 |

‘ Upper wing Middle wing
1 \ | i
‘ a (&) [&/TI- (st [ [ (8] 1,
L S
Degrees’ | i
‘ Ts _aesT  0.0148 | —0.019  —0.003 400139 F—0.026  —0.043
2 b pms L0133 —. 045 + 015 L0130 —. 046 4. 031
-1 105 L0121 —. 068 07y 38 - 059 L1102
0 e RIIESS ‘ — . (088 L1684 L0163 — 083 | 158
+1 3 NUEY] - 103 209 L0183 —. 02 L 206
2 L0158 —. 123 L2567 L0203 —. O5 . 260
3 LR 018K ERL . 321 L0240 - 115 L3146
t i L LATK L0281 -, 133 474
fi N ih — KT RL 0390 —. 157 480
8 T DA ‘ —. 224 R L0628 - 17 587
1 SR L OHSG -2 il 00 -~ 210 . 608
12 1,00 ST .27 KO} LOR4R L TRY
14 1.0 Sy 1 02 104 L BGH
14 1.on 170 - LOTR KR 589
W (I 101 NI 907
| |
TABLI 31
R\ .15 triplane. (e =06, Stagger— +30°
Upper wing Middle wing
P [ _ ‘
o (&) €y ('ar (3 n Car | r
— - ‘ |
Degrees ‘
-3 0. 014 . 016 ~0. 0l ool b oiRy 0082 =000
-2 1068 016G CIRG i RUPI RN Lopose
~1 S U147 LUR% P R TETI Ui g
0 216 142 ST LN 0146 —. 061 ‘ 124
Tkl 204 LOLT — 104 e L0166 ‘ BT S [T
2 870 LOIN Bl 200 L0190 - 073 ‘ .20l
3 L4 4T —. 120 it I 21
1 L 500 NI — 143 iV ‘ —. 084 \ L 287
fi e T ST AR 47 R L 376
8 700 400 —. 108 476 0516 | . 453
10 430 LO0A28 -2 it 0643 ‘ . 535
o Lm NUES L6143 0785 | . 165 \ 615
14 105 S0 R OUSN —. 181 LT00
14 Loo L RN B —.210 ‘ 769
I8 o e e iion 177 —uth b R
| I
TABLY 32
K. A. . 15 triplane.  Gjc==0.9. Stagger - -
Upper wing l Middle wing
— —- - !
« ey, [T Y] r, Cp O (&2
i IO _ = - - | B —
Degreex ‘ } i
S =0 [ho.0152 0. Ol ¢ 40,008 SRO.0IZE T —0.030 | —0.002
_oo0 hoORY ) L0150 [ —. 03 L 063 0108 —. 0561 +. 037
—1 Bt { L0169 —. 084 L120 L0108 —.060 | .08
0 | .22 .0M3 | —.0R9 L1614 RO —073 L1383
+1 . 305 ‘ L0148 a—. 106 L 206 L0152 —. 078 ‘ 181
2 L3R4 L0165 ‘ —. 128 L 25T L0177 —. 042 . 220
31 am l . 0192 —. 143 L3t L0214 —. 102 ‘ . 268
1 L 529 L0222 ‘ —. 156 L3600 L0265 —. 11 . 325
6 | .674 L0313 1 —e2 458 | L0886 —. 143 ‘ 418
8 . 825 460 | —.217 560 L0549 —.170 . 505
Wi L ue2 |ooe34 | o—.as6 | ese | L0737 183 | . A96
12 1,07 ’ . O8A2 ‘ —. 281 \ JTAR L ORNT o 202 ‘ i
140 L2 138 =319 LRTOO LT 245 L7585
16 108 \ | -85 ‘ R EY 22| (828
158 I i s it

1 '

L0127 | —. 067 |
[ 0Iss | -7
| oss | —oss |
| L0219 | —. 007 ‘
[ ozn ‘ 113
‘ . 0396 ‘ —. 140 ‘
L0887 | —.163
i L0710 ‘ —. 180 1
o .ome | —.197
| 101 1 —.213 \
24 —.230
| e | —.260 ‘



16

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

R. AL F. 15 triplane.  G/e=1.2.  Stagger = 4 30°

TABLE 33

Upper wing Middle wing Lower wing
| | e —— | —‘— -
i a (&3 ' Co ) Cu CL ' Cp ‘ Cyr [ Cp (8]
. Degrees i ‘ ! ‘ ; |
L3 10035 +0.0146 | —0.016 | —0.000 +0.0148 | —0.022  —0.026 40,0136 . —0.019
| =2 057 o7 ‘ —043 | .48 L0118 - 045 4,037 L0116 —.35
e L R R . 109 L0115 | —. 060 0930 L0127 — 058
0 .216 L0140 @ —.095 . 161 L0120 | —.078 153 L0151 —. 080
1 +1 . 2% L0148 | —. 099 200 | L0153 —. 080 . 204 L0183 —. 092
2| 360 . 01¢8 ‘ —. 123 264 | . 0ITT ‘ —. 093 . 249 L0207 ~.101
3 L4490 L0201 — 143 . 328 L0217 1~ 108 ) L0231 —~. 111
4 . 523 0236 | —. 164 382 L0264~ 123 . 859 L0283 — 125
i . 682 0343 1 — 104 . 405 L0393 | —. 154 L4683 L4100 —. 152
.} ! . Ri2 . 0504 —. 229 . 605 L 0ART —. 191 . 566 . 0582 —. 182
0 970 L0671 —. 270 LTI6 L Lv20 | — 215 665 A0T40 —. 210
12 108 L0879 | —.283 LRas LORTE T~ 242 752 L0884 —. 221
14 112 L1431 — 330 L4638 e 264 85K 10 ~. 248
% LoT . L Lo2 B2 — 022 136 —. 247
18 . . U 61 . 108 —. 287
1 ]
TaBLE 34.—R. A. F. 15 triplane.
Stagger= —30°
i |
| . . | . ey G
| “ Crae Crar | O Ce | e
[ e _ : _
| ’ ! ’ |
Gle=0.6__ YO0 Cre mux. =0.688 0. 650 0. 619 1. 795 LA . 300 | 0. 384
‘ CY% CLe mar= 383 L 313 839500 ' 272 295 433
| 25% Cre was. L 165 | o 241 ms |4
Gle=09__. 9% CLc max.= L720 745 . 831 L3 324 362
| \ 0% Cre wux.= 370 T . 290 302 108
‘ b25% CLE was. 184 L1861 270 L OHK L 202 420
(}/("-—’1,2,,_‘ W9 CLe max. L T68 LROD . BEY . 312 326 362
50% CLe mas.= 412 428 L5620 L 302 .314 . 384
}’ 25% Cre mux. . 208 .214 . 258 304 L313 383
| )
Stagger=0°
| ! | |
}‘ Cio L iy ‘ [ XA :% {(wll:’ :v:ll [
(} B I
! |
Gie=06 . 907 CLe wa.=0755 | 0891 | 1 0.742 1 0394 0. 250 0.326
[ 0% CLemax= 420_____| 476 e s 278 344 ’
! 2500 Cre maz= 210 __ 216 | [ooom0 s it . 369
| Gie=08__" 9% CLe max.= .8 Lush ! . LT . 386 . 296 318
] ‘ 50% CLe max.= . LRLD 406 56 8T . 296 333
i !O259% CLe mas.= . 240 . 207 240 | o349 | . 302 . 344
) Gle=1.0___| 90% CLC max.= . . 956 . 786 . RO5 L3741 308 318
: ’ 50% CLe mex.= . . 522 ’ .436 i 467 368 1307 .325
{ © 289 CLe max.= .20 .253 222 . 234 . 356 .312 .332
| Gle=12._| M5 CLe max. 938 | LIS .812 870 314 .316
0% Cre wex.= 480. . 520 . 454 466 | 361 | 315 324
k 25% CLe mar.= .240_____ 252 1 233 . 232 852 324 . 324
I J J : |
Stagger= +15°
i - e |
s Qfe=0.6__] 90% Cre mae.=0.773..__. 10.957 0.670 | 0.692 0.413 0.250 | 0.298
50% CLe mas. L 528 3731 304 . 408 8 | Lam |
25% CLc max. . 246 L1909 . 205 .380 . 305 .315
o Gle=09___| 90% CLc max. 1.01 782 | 745 .401 .300 . 209 ‘
| 50% CLC mas= . 565 a2 1 a5 1 g0 304 .29
25% Cic mar.= . 273 222 .211 J . 392 .319 . 289 \
| Gle=12._| 90% Cromas.= . 1.02 818 | .803 | 387 308 1 305 |
50% CLe max.= 490 . 568 . 457 . 448 . 386 311 303
25% CLC maz.= 245 .276 ’ 235 .226 L3786 L3200 | 304 |
I H l




AIR FORCES ON A SYSTEMATIC SERIES OF MODELS

Stagger= + 30°

‘ . , ) Cru Cry CLL
i ; I Cre ULy ; Cr Cre i CLe Cre
l Gle=06. 0% Cromen =082 | 104 0702 | osT o3t | 02w 0.
i 0% CLc wax.= 446 _ Y1 378333 45T 1 L282 L 261
I 25% CLec max.= 223 ... . 206 .202 170 L1442 302 L2506
U Gie=09. . %% CiLomax= 865 ... 109 . 796 B8 L L420 CLa05 .27
‘ i 50% CLe max.= 480 : L 624 426 : 383 433 L 296 L2571
2595 CLe mar= 240,  .312 L7 LIs6 1 4 .302 264
Lo Gie=1.2.__ 90% CLC max.= B08. . 109 855 775 . 402 314 . 28
5005 CLe mas.= S0 ____ ! . 623 . 462 L4280 A3 DU L 06 2!
'i : 2505 CLC max.= 262 ... ! .310 232 i L212 . 410 i . 307 2N
|

TABLE 35
Centers of pressure in per cent of chord on a R. A. F. 15 biplane

! Stagger —30° - Stagger 0°
‘ " o : ST T T
I Gle 0.6 0.9 1.2 | 0.6 ! 0.8 ; 1.0 : 1.2
: | |
! 1 e ] o
Upper  Lower  Upper ; Lower = Upper ‘ Lower | Upper Lower  Upper . Lower = Upper Lower Upper Lower
wing Wwing wling wing wing ©  wing wing wing ; wing ‘ wing wing wing Wwing wing
Degrees : | ‘
e I —3.1 0 —80.0 1 UL S —HT.3 .
0 =515 —35. 8 —47. ¢ —62. 4 —55.0 —67. 4
+1 . [T . —458.2 —4L K8 —50.0 —48.9 —H7. 0
2 . ! —40,5 | i —40.9 | —37.6 | —a0.2 —4L.5 —40. 6
3 —39.6 —37.4 I —36.4 ‘ —36.0 ‘ —4.5 —38.1
4 —31. 4 —34.1 —37.0 —33. 4 | —41.5 —36.8
6 —32.5 —3L9 —32.9 | —30.4 —34,2 —32.6
§  —uL8, —30.4 b ans ! —an0 : —20.%
10 —20.9 —27.6 T S —30.Y —27.3
12 —20.3 280 —20.4 284 —30. 6 —254
M 24T : T R T —a11 27,2
15 —IKN —24.1 —3L5 —313
1% 1 B ‘
| i
TABLE 36
Centers of pressure in per cent of chord on a R. A. F. 15 biplane
‘ Stagger +15° . Stagyer +30°
e - - o |
Gl | 0.6 0.9 1.2 0.6 ‘ 0.9 1.2 '
. 1 ! : | : i - - i ; ‘ |
« Upper | Lower Upper ) Lower Upper ‘ Lawer Upper Lower | Upper Lower | Upper i Lower !
wing | wing wing wing wing | wing wing wing wing | wing wing wing ‘
| ! ;
! |
! i i . . ‘
—h6 9 —44. 1 ; —63.0 —h7. 3 —54. 4 —46.2 . =525 | 4R, —67.8 —58.2 | —68.9
¢ =S —41.6 —46.2 —48.7 ' —=50.0 —36. 6 —55.2 —48. 4 —~44.4 © —52.6
—42.7 —39.5 | —43.5 —42.2 —42.7 —34.9 —42.7 —43.0 —38.2 @ —43.1
—41. 1 —32.1 —37.6 —-36.7 , —38.7 —31L.8 —42.0 —38.8 —~37.3 | —39.9
=334 —31.8 ‘ —36.6 —32.9 } —36. 4 —20.6 —36.1 —36.2 —32.7 1 —36.5
| 857 | —20.5 -3t | —3L0 | 354 IS ©o—35.4 —33.9 - —33.0 | —36.5
. —32.3 —27.8  —=33.2 —28.8 —3L.8 —27.5 —33.6 —33.9 ‘ —-30.2 —32.8
=340 —-26.4 } —30.9 —28.3 —29.0 —-26.5 ~32.5 R -33.2 | —20.4 i —3L7
—31.4 —255 —30.9 —26.9 —25.8 ¢ —38L5 1 —30.2 —23.9 | —30.4
—31.7 —26. 0 —20.6 —27.6 23,0 —30.7 —24.3 —~30.0 | —24.1 @ —30.0
-39 —26.4 —28.6 —28.8 —20.0 —30.8 . —20.0 @ —20.7 —-30.8 | —20.3
—30.8 —28. 8 —28.4 —32.1 —30.2 R } —30.4 —33.1 ‘ —30.5 —33.3 ‘ —29.2 ‘
1

10§21—27———3
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TABLE
Centers of pressure in per cent of chord on
- |
Stagger } —30°

Upper
wing

Upper
wing

Lower
wing

Degrees

14
|8

Centers of pressure in

REPORT NATIONAL ADVISORY COMMITTEE FOR

AERONAUTICS

37

a U SO A TS,

0°

TABLE
per cent of chord on R.

5 biplane of Gie-=0.9

+30°

Upper ‘
wing !

Lower

Lower
wing

wing

—7L1 — 046 ~73.3
—06. 1
—48.7
—47.6
—46. 5
—43.8
—42.4
—40.9
—3K.9
—37.8
—36. 0
—30. 6
—~34.6
—~341
=344

—56. 2 — 40,2
—48. 3 —42. 7
—47.1
—44.6

A, F. 15 triplane

Stagger —30° ‘

0.6 0.4 L2 J
. ) i . [ . ) ! |
« Upper Middle Lower | Upper Middle © Lower Upper Middle 1 Lower
wing wing wing I wing wing wing wing wing | wing
Degreex : ‘
.3
4 :
.7 i ;
.7 3
4
3l
16 —-23.3 -
IR ; : i .
[ e A b i
TABLIS 39
Centers of pressure in per cent of chord on R. A. . 15 triplanc
Stagger 0°
o o
Ve 0.6 0.8 1.0 1.2
R | * . - |
« Upper © Middle  Lower Upper © Middle  Lower Upper | Middle Lower Upper | Middle
Wing wing ‘ wing wing wing wing wing | wing wing wing | wing
[ - _ — | I |
Degrees '
-2 —28.3 —8L0 -850 1. e LU (U { I R
—1 —42,5 —63. 5 —62. 8 —52.3 —5hL K% ‘ —61.0 —57.0
O —4b™ i 5801 —p22] —43.4 —47.4 | -85 —450
-+1 —38. 4 =510 —47.0 —41.2 —3K8, 2 —40. 1
210786 42K 220 s | —37.5 —3K 1
i
3 —31.2 —34. 1 —39.5 —34.5 —36. 4 ! =352 i =346
4 —32.1 —35.4 —36. 8 —82.7 —3L 8 —34.2 ! —3L2
i —30.3 —31. 1 —34. 6 —31.4 | —30.2 —33.7 —30.0 !
B —uk 1 ~28.6 | —a#3.1 —29.2 BT T =800
U TR0 e 1 I R I -y
Coo2p = —us it 3| —ons -7 LT
i M =260 —220° _—993| —o250u } - [ L2600
N L UL BT - O R ) B S T A i [ Y 270 |
| W | . | P
J» 7‘7 - P ) 17 : i | i

Lower
wing

. Y
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TABLE 40

SERIES

Or

MODELS

Clenters of pressure in per cent of chord on R AL F. 15 triplane

Upper
wing

i
thegrees

-1

T pper
wing

Degrees
—2 —iN 0
—1 —3K0 1
0 —35 6

16 .

0.5

Middie |
wing

0n

NMiddle
wing

Lower
wing

Lower
wing

5o

Stagger 15

0.4
Ppper Middle
wing wing

TABLE 41

Stagper 430

0.9
|
Upper Middle
wing wing

Lower
wing

per cent of chord on R.

Lower
wing

Upper
wing

628
—18. 1
- 124
-37.4

RENSH
—-33.h
-4
—-30.0
-27.6
—27.8
=21
—3L3

Middle
wing

LT
~ 50,7

L

[ T

Lower
wing

A. K15 triplane

|
Upper !
wing |

Middle

wing

—6Hd. 0

Lower
wing

O]

B e N

o

-

19
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force
S (E :;afxll!:}l : S p b Linear
. . yo- Designa- Sym- ositive esigna- | Sym- | (compo-
Designation bol | 5¥ mbo - tion bol direetion tion bol |nentalong Angular
axis)

Longitudinal._.} X rolling_____ L Y———Z | roll______ & u

X
Lateral_______. Y Y pitching____| M Z——— X | piteh_._._ o v gz;
Normal.___._. Z Z yawing_____ N X——Y | yaw_____ ¥ w r
B |
Absolute coefficients of moment o ) Angle of set of control surface (relative to neu-
00 L 0 N tral position), 8. (Indicate surface by proper
bS “geS N qf:S subseript.)
4. PROPELLER SYMBOLS
D, Diameter. 7, Thrust.
p., Effective pitch » Q, Torque.
P, Mean geometric pitch. . P, Power.
p,, Standard pitch. L (If ““coeflicients”” are introduced all
p,, Zero thrust. o units used must be consistent.)
Pa, Zero torque. o n, Efficiency=T V/P.
p/D, Pitch ratio. n, Revolutions per sec., I. p. s.
V', Inflow velocity. _ N, Revolutions per minute., R. P. M.
V,, Slip stream velocity. N ®, Lffective helix angle=tan™! (——V )
2rrn
5. NUMERICAL RELATIONS
1 HP =76.04 kg/m/sec. =550 Ib. {t. /sec 1 1b. =0.4535924277 kg.
1 kg/m/sec. =0.01315 HP. ¢ 1 kg =2.2046224 1b,
1 mi./hr. =0.44704 m/sec. L 1 mi. = 1609.35 m = 5280 ft.

1 m/sec. =2.23693 mi./hr. 1 m =3.2808333 ft.






